Speeding Drink driving a b s t r a c t Objectives: To confront the public health challenge imposed by road traffic injuries in China. Study design: A consortium of international partners designed and implemented targeted interventions, such as social media campaigns, advocacy for legislative change and law enforcement training, to reduce the percentage of drink driving and speeding in two Chinese cities, Dalian and Suzhou, from 2010 to 2014.
Introduction
Road traffic injuries (RTIs) are a serious public health challenge in China, where, according to the estimates from the World Health Organization (WHO), more than 250,000 people die of RTIs annually. 1 It is the seventh leading cause of death in China, and there are more than 1.5 million adults living with permanent disabilities resulting from road traffic crashes. 2, 3 Disability caused by RTIs is prevalent in China, particularly among males in rural areas. 4 The national government has undertaken a series of measures in the past decade to address road safety, including passing new laws and legislation, establishing coordination groups, improving data collection systems and funding safety programmes. 5 For example, enacted in May 2011, the amended Law of China on Road Traffic Safety substantially toughened the penalty for 'driving after drinking alcohol' and 'driving while intoxicated,' increasing the fine 5e10 times and length of driving licence suspension from 1e3 months to 6 months for the former violation. The latter violation was for the first time escalated to a criminal offence and subject to criminal responsibilities according to the Eighth Amendment to the Criminal Law of China.
Drink driving and speeding are two important risk factors in China causing a large number of crashes each year. 6 According to the annual bulletin of road traffic crashes of China, published by the Ministry of Public Security (MPS), speeding caused 7049 crashes, 3210 deaths and 6971 injuries in 2013. 7 In that year, drink driving caused 5174 crashes, 2288 deaths and 5303 injuries. Findings based on local data show a similar burden across the country. For example, a study of 765 drivers killed by RTIs in Shanghai during 2009e2011 found that 28.9% of them had a blood alcohol concentration (BAC) above 20 mg/ 100 ml and 21.8% were above 80 mg/100 ml. 8 Jia et al. 9, 10 conducted several studies in Yinchuan and Guangzhou and found evident alcohol misuse among convicted offenders and low level of knowledge about legal BAC limits.
The clear need for concerted action in China to address these two risk factors in particular resulted in China's inclusion in the Global Road Safety Programme, a consortium of international partners funded by Bloomberg Philanthropies. 11, 12 The programme strategy was to adopt internationally recognized best practices to improve road safety in selected countries and cities. 13 To our knowledge, this was one of the few road safety projects in China that involved both international partners and domestic stakeholders. 14 Based on a series of consortium meetings with project partners, the Global Road Safety Programme chose Dalian and Suzhou as the intervention cities in China, and speeding and drink driving as the two risk factors. Both cities have a large population of drivers and residents. In 2014, Dalian had a population of 6.7 million, of whom 1.9 million were drivers; the population of Suzhou was 10.1 million with 2.1 million drivers. 15 International partners included WHO, Johns Hopkins International Injury Research Unit (JH-IIRU), the World Bank Global Road Safety Facility (WB) and the Global Road Safety Partnership (GRSP).
The Chinese domestic road safety programme team was led by the National Health and Family Planning Commission (NHFPC) with a national project office at the Chinese Center for Disease Control and Prevention (China CDC). Dalian and Suzhou had city project offices that involved local CDC and traffic police. A vice-mayor of each city served as the head of the local project team. The main intervention components included between 2010 and 2014 were: (1) social marketing campaigns to increase the awareness of road traffic safety issues, particularly the adverse consequences of speeding and drink driving; text, audio and video messages designed by professional teams were distributed through posters, Internet and radio/TV programmes. Considerable effort was made to increase the coverage and effectiveness of the messages. (2) promotion of strengthening law enforcement on speeding and drink driving. A series of training and workshops were organized for traffic police to improve their enforcement skills. (3) Advocating for amendments to road safety-related legislation. Project partners presented a large number of evidence-based reports to law makers in both cities. Collaborating with law experts from prestigious law schools, the project's legal team hosted several high-level consultation meetings focussing on revising existing laws/regulations and making new regulations about emerging challenges, such as the rising epidemic of electronic bike related crashes and injuries. (4) Capacitybuilding of law enforcement officers, health professionals and leaders in each city. During the project period, biannual conferences were convened to update the city leadership, followed by capacity trainings designed for leaders including vice-mayor, commissioners of traffic police, health and transportation departments.
Between 2010 and 2014, the impact of these activities on drink driving and speeding behaviours was evaluated through roadside surveys and observational studies; the overall effect of the programme on reducing road traffic injuries and deaths was also assessed. The evaluation helped to assess the road safety status, guide the intervention design and monitor progress towards the goals of reducing risk factors and preventing road traffic injuries and fatalities. The goal of this paper is to assess the changes in road safety in the two intervention cities during the project period 2010e2014. Specific objectives are to (1) present data from observational studies on the prevalence of both risk factors; (2) summarize the achievements and limitations of the project; and (3) discuss the generalisability of the project interventions to improve road safety in China.
Methods
This paper measured the trends in prevalence of drink driving by conducting observational studies in conjunction with ongoing police enforcement activities in the two cities. Police conducted regular enforcement activities in sites close to bars, restaurants and other places where alcohol consumption usually occurs or in road sections with high traffic volumes. First, roadblocks were set up to stop vehicles; then breathalysers were administered to measure BAC levels of vehicle drivers. Trained researchers from local CDC offices recorded the number of drivers stopped, the number of drink driving drivers (defined as those with BAC between 20 mg/100 ml and p u b l i c h e a l t h 1 4 4 ( 2 0 1 7 ) S 1 5 eS 2 2 S16 80 mg/100 ml) and the number of drunk drivers (defined as BAC above 80 mg/100 ml). Due to the small number of drunk drivers, we simplified the definition and have only used drink driving (BAC above 20 mg/100 ml) in the present study.
The prevalence of speeding was measured by conducting periodic observation studies at seven sites in each of the two cities. A simple random sampling method was used to select observation sites from a sample frame covering all possible observational sites in the city. The sites were picked to allow for a range of road types (urban and peri-urban, varying speed limits, divided and undivided) and geographic locations. At each site, three trained researchers from the CDC and one police officer used speed measurement devices to record speeds of all vehicles during a 90-minute period of time. Local CDC observers worked with police in order to comply with local road laws and for safety. In Suzhou, all measurements were conducted using police-owned, tripod-mounted radar speed measurement devices and video recorders that transmitted speed and images wirelessly to researchers at a remote location a short distance away. Since the observations would not be used for enforcement, no signs were required for the measurement and the devices were nearly invisible to drivers. This arrangement allowed the observers and police vehicles to be concealed from drivers in the measurement process, minimising the influence of observation on driver behaviour. In Dalian, data collections were conducted from inside a police car also using a radar speed measurement device.
A total of 15 rounds of measurements were conducted for each risk factor in each city between 2010 and 2014. Time trends were constructed to illustrate the changes in the prevalence of speeding and drink driving in the intervention cities. For each round of observation, we estimated the prevalence of speeding and drink driving, using confidence intervals (CIs) to account for sample errors. Statistical tests regarding the significance of changes in the prevalence of risk factors observed over the five-year period were also conducted. 16 Additionally, we developed time series models to account for the autocorrelation among the observations. Our model is a first-order autoregressive moving-average process.
where y t is the outcome in question at time t, r is the firstorder autocorrelation parameter, q is the first-order moving-average parameter, and ε t $ i:i:d:Nð0; s 2 Þ is a white noise disturbance. We looked at the significance of the coefficients and also AIC or BIC in the final model selection. 17 The prevalence of drink driving and speeding was further disaggregated by time of the day, day of the week, type of vehicle and posted speed limit. Epi Info 6 was used for data entry and all statistical analyses were conducted in Stata 13.
An Institutional Review Board (IRB) approval was obtained from Johns Hopkins Bloomberg School of Public Health and China CDC.
Results
The 15 rounds of observational studies on speeding covered 151,440 and 117,494 drivers in Dalian and Suzhou, respectively; the drink driving data covered 39,590 and 28,057 drivers, respectively. Fig. 1 illustrates the percentage of vehicles driving above the speed limit from the 15 rounds of observational studies. The prevalence of speeding was 31.8% (95% CI: 29.2e34.5) in the first observational study conducted in May 2011 in Dalian and gradually declined, and a substantial reduction was observed in the seventh round (July 2012), which showed the prevalence at 9.3% (95% CI: 8.7e10.0). This low level was sustained until the end of the project; 7.4% (95% CI: 7.0e7.9) in the last round (November 2014). The overall change in the prevalence of speeding between March 2011 and November 2014 was statistically significant at 24.4% (P-value 0.001).
In Suzhou, the reduction was also statistically significant ( Fig. 1 ). In the first round of observational studies (March 2011), the speeding rate was 13.5% (95% CI: 11.7e15.5), and then the rate fluctuated. It reduced to 8.3% (95% CI: 7.8e8.9) in round 10 (October 2013), and remained at a low level. The overall reduction of 6.6% (P-value 0.001) is statistically significant.
As shown in Table 1 , the statistical significance of the overall declining trend was confirmed in the time series model. A first-order autoregressive process without a movingaverage structure in the disturbance term has low AIC and BIC in Suzhou and therefore are chosen as the final model. In Dalian, adding a moving-average structure to the disturbance term lowered AIC and BIC. 
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The estimate of parameter r (L1.ar in the model, denoting the first-order autoregressive coefficient) is below one in both cities, indicating a declining trend. The estimate is highly statistically significant in Dalian, but only marginally significant in Suzhou, probably because the latter started with a lower speeding rate with limited room for further reduction.
Disaggregated by day of the week, the speeding rate was higher on weekdays than weekends in both cities (Fig. 2) . In Dalian, Friday had the highest prevalence of vehicles driving above the speed limit (17.3%), which is more than two times higher than the prevalence on Saturday (7.0%) and Sunday (6.5%). The overall speeding rate on weekdays is nearly twice of the rate on weekends (11.4% vs 6.8%). Suzhou had similar pattern, but the difference between weekdays and weekends was smaller (14.0% vs 12.2%). As illustrated in Fig. 3 , the speeding rate peaked in the morning rush hours in Suzhou, but in Dalian the middle of the day and later afternoon saw an elevated speeding rate.
The speeding rate varied greatly across types of vehicles ( Fig. 4 ). SUVs and saloon cars were more likely to exceed the posted speed limit than other types of vehicles in both cities. Light and large trucks and buses had the lowest speeding rate in Dalian while the lowest rate was observed for large truck and buses in Suzhou.
The proportion of speeding was also associated with the posted speed limit. Fig. 5 shows that more than 60% of vehicles were speeding in Dalian sites where the posted speed limit was 50 km/h. The proportion reduces to 3.1% where the speed limit was 80 km/h and further to 2.5% for a speed limit 90 km/h. The difference in the timing of reduction in speeding rate is consistent with the work plan in the two cities. Starting with a high speeding rate, Dalian prioritized interventions on reducing speed during the first two years of the project. Suzhou started with a high drink driving rate and initially prioritized this risk factor. During the last two years, interventions on both risk factors were implemented in both cities.
In Dalian, the project began with a very low prevalence of drink driving at 1.7% (95% CI: 1.1e2.4) during the first round of observational studies (January 2011). illustrates the fluctuating drink driving rates observed in subsequent data collections. In the last round (November 2014), the drink driving rate was 0.5% (95% CI: 0.2e0.9), and the overall change was 1.2%, which was statistically significant (P-value < 0.05). Suzhou started with a higher drink driving rate at 6.4% (95% CI: 5.4e7.4) in January 2011, and then declined dramatically (Fig. 6 ). During the project period, we observed a reduction of 5.9% point, which was statistically significant (Pvalue < 0.001).
The statistical significance of reduction is confirmed in time series models. As illustrated by Table 1 , the coefficient of interest r is highly significant in both cities.
No variations in drink driving rate between weekdays and weekends were observed in these two cities (Fig. 7) . In Dalian, the rate appeared to be lower on Friday and Sunday and higher on Monday and Tuesday; the highest rate occurred on Wednesday and lowest on Friday. But the difference was small.
A particularly successful case was observed on Donglian road in Dalian, which warrants further explanation. Donglian is an urban, limited-access, elevated highway zone. It is 11.3 km long, has three lanes for each direction, has a speed limit of 60 km/h and primarily carries car traffic. An intervalbased speed enforcement system was installed and tested at Donglian road from January 2012 to April 2012 and used for speed enforcement starting in May 2012. The system used 19 high-resolution cameras on exit/entry ramps to record licence plate numbers. Speed limit violations were determined by comparing the duration that vehicles spend within the enforcement zone with the time required for a vehicle travelling at the speed limit. The effect of the enforcement caused the percentage of vehicles travelling at speeds >10% on Donglian road to decline from 0.50 to 0.03, while proportions remained stable at other sites and did not show any secular trends. The proportions of vehicles travelling >20% and >30% above the speed limit on Donglian road and the other sites varied similarly. These results suggest that interval-based speed enforcement systems can be effective in zone-wide speed reductions in China.
Discussion
Our observational studies suggested that the prevalence of drink driving in both cities showed statistically significant declines from baseline measurements. This trend is encouraging as the reductions occurred during a period of intense activities by the Global Road Safety Programme and also by the local and national agencies focussing on enforcement and behaviour modification campaigns.
It should be noted that the baseline prevalence measurement was already low, especially in Dalian, where the drink driving rate was only 1.6%. It is consistent with a previous study that worked with police to measure drink driving in Guangxi province in 2006e2007 that also reported low prevalence of drink driving compared with other countries. 14 However, in other settings, such as the US, the prevalence of drink driving is more than 10 times higher. 18e20 Our speed measurements in Suzhou showed that the overall prevalence of speeding in the city is relatively low, which may be attributed to the existence of a vast network of automated speed enforcement cameras across the city. In contrast to Suzhou, the prevalence of speeding was much higher at baseline in Dalian, which does not have an extensive network of speed enforcement cameras.
A recent review of the literature found that in recent years interval-based speed enforcement systems have become popular throughout Europe and Australia and that a growing body of evidence suggests high rates of compliance with speed limits, reductions in average and 85th percentile speeds, reduced traffic speed variability and reductions in fatal and serious injury crashes. 21 Further research is needed to understand the political barriers to the widespread deployment of such systems worldwide.
Although our overall findings for speeding and drink driving in Suzhou and Dalian indicate improvements, the results should be interpreted with caution. While it is possible that the interventions focussed on drink driving in Suzhou and Dalian are an explanation for the measured decline in percentage of drink driving, we need to understand the 
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limitations in our measurement. Our observational data on both risk factors were collected with heavy involvement from the police. Conducting the speed observations inside police vehicles in Dalian may have led to underestimation. 22 Observation sites for drink driving were chosen by the police where drink driving is most likely to occur. So the observed prevalence may be higher than the prevalence in the population. 20 Despite the limitations, data collection procedures were kept nearly identical across rounds to ensure the comparability of the results. Consequently, our conclusion on the trends is less affected by the limitations than it appears. Fully aware of those potential drawbacks, we decided to collaborate with police instead of an outside group using covert methods because of the importance of promoting police engagement and local ownership. Involvement in design and implementation of data collection may enhance the credibility of data with police that manage road safety in China.
Attribution of the changes is a challenge in an observational study. 23, 24 During the project period 2010e2014, the two intervention cities had substantially developed their road safety infrastructure. Many changes were made to legislation and law enforcement, some of which were initiated at the national level while others at the local level. To compound the issue, there is limited information on the changes of socioeconomic variables, such as road construction. All of these factors make it difficult to accurately attribute the observed changes to the Global Road Safety Programme. There are no national statistics on the prevalence of drink driving and speeding in China, but a few studies were conducted in other Chinese cities during the project period 2010e2014. 14 A study in five randomly selected cities in Shandong provinces recorded a decrease in the prevalence of drink driving from 2011 to 2013, while the change is less substantial than the observed in Suzhou and Dalian. 25 Although China has been developing rapidly overall during the project period, the growth rate of population and registered motorized vehicles was higher than most regions in China, which made preventing speeding and drink driving more challenging. 15, 26 In summary, despite the attribution challenge, our results suggest that with coordinated efforts, drink driving and speeding can be controlled in China. The expansion of such activities to other cities will likely yield comparable improvements in road traffic safety.
Given the achievements of the Global Road Safety Programme China interventions, it is desirable to share good practices with other cities and regions in China. Given the seriousness of RTIs in China, it is expected that more local governments will prioritize road safety and show an interest in learning from the programme's intervention models. Some of the project interventions require well-developed traffic and media infrastructure. With this in mind, the programme's lessons may be useful for other big cities, such as Beijing and Shanghai, to improve road traffic safety. Appropriate revisions and adaptations are needed to develop strategies applicable to small cities and rural areas with limited financial support from local governments and less developed road safety infrastructure.
The achievements of the Global Road Safety Programme China interventions largely come from the legislative changes, training and capacity-building provided by the international collaborators and the intensified network between local health and police departments. This is consistent with previous findings. 27e29 As a result, the reduction in speeding and drink driving achieved during the past five years is expected to sustain even after the project ends. The changes in people's knowledge, attitude and practice will continue to affect road traffic safety outcomes in the near future. The legacy of the project includes efforts to build the capacity of national and local project team members and the intensified collaborations between international and Chinese researchers and between local health and police departments.
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